The present work was carried out on 20 epididymes of sexually mature one humped camel to elucidate the gross anatomical, scanning electron microscopical and light microscopical features of the epididymal duct. Anatomically, the epididymal duct of camel consists of three parts i.e. head, body and tail. Histomorphologically, the epididymal duct is subdivided into initial, middle and terminal segments, of which the middle segment is further subdivided into proximal, intermediate and distal parts. The epithelium lining the epididymal duct is ciliated pseudostratified columnar comprising mainly five cell types, namely principal, basal, apical, dark and halo cells. It displays numerous intraepithelial glands in the middle segment. In general, there is a gradual increase in the total diameter and decrease in the epithelial height of the epididymal duct from the initial to the terminal segments; that may, mechanically, facilities passage of the sperms toward the terminal segment. The lamina propria of the epididymal duct contains a layer of interlacing elastic fibers which may allow adequate elasticity of the duct that could help in its expansion. Moreover it is surrounded by numerous layers of circularly and obliquely arranged smooth muscle fibers which always increase in thickness toward the terminal segment.
Introduction
The camel is an important livestock species uniquely adapted to hot and arid environments. The primary uses of camels were for the transport of people in desert and semi desert areas [1] . Nowadays a new role was created for the camel as milk, meat, wool, hair and hides production [2] . This drawn attention to the need for efficient reproduction in this species [3] . Compared to other species, the fertilization rate and reproductive capacity of the camel is remarkably low when compared withthat of other domestic mammals [1, 4] . The epididymis is a dynamic organ that controls not only the maturation and fertility of spermatozoa but also acts as a storage reservoir for spermatozoa [5] . The epididymis is a long highly convoluted duct that is anatomically divided into head, body and tail [6] . However, histologically it is subdivided into initial, middle and terminal segments, and the middle segment is further subdivided into proximal, intermediate and distal parts [7] . The current study aims to elucidate the morphometrical and morphological characteristics of the epididymal duct of the camel in Upper Egypt (Assiut governorate).
Materials and Methods
The present work was carried out on 20 epididymes collected from mature clinically healthy camels (Camelus dromedarius). The materials were collected from Baniadie slaughter house in Assiut governorate. The materials were then preserved in 10% formalin and kept for further description.
For Scanning Electron Microscopy
Small pieces were taken from the three segments of the epididymal duct namely; initial, middle and terminal segments, fixed in mixture of paraformaldehyde solution (2.5%) and gluteraldehyde solution (2.5%) in phosphate buffer (pH 7.3) for 24 hours. The samples were washed in 0.1M phosphate buffer, dehydrated in graded ethanol, critical point-dried in liquid carbon dioxide, and then coated with gold palladius in sputtering device. The samples were then examined and photographed using JSM-5400LV Scanning electron microscope operated at
For Light Microscopy
The epididymal duct (immediately obtained after slaughtering) were divided into segments according to [7] as shown in (Figure 1) . Small pieces were taken from the different segments, fixed in two kinds of fixatives namely, Bouin's solution [8] and 10% of neutral buffered formalin. After proper fixation, the specimens were dehydrated in graded ethanol, cleared in xylene, embedded in paraplast and sectioned at 3 -5 µm thick sections.Sections were stained with Haematoxylin and Eosin staining [9] for demonstration of the general histological structure of the examined epididymis; PAS reaction [10] for demonstration of neutral mucopolysaccharides; Alcian blue 8 G X (pH 2.5) and (pH 1.0) after [11] for detection of acidic mucopoly saccharides; Crossmon's Trichrome [12] for detection of muscles and collagenous fibers and Weigert's resorcinfuchsin [13] for detection of elastic fibers.
For Epon-Araldite Embedding
Small tissue blocks were taken from initial, middle and terminal segments of the epididymalduct fixed in paraformaldehyde-gluteraraldehyde solution in phosphate buffer [14] . Specimens were post fixed in 1% osmium tetraoxide for one hour, washed in 0.1 M phosphate buffer (7.3 pH), then dehydrated in graded ethanol and embedded in epon-araldite mixture [15] . Semithin sections (1 µm) were cut, stained with toluidine blue [16] . All sections were examined with light microscope and photographed.
Results

Gross Anatomical Features
The epididymis consists of a highly convoluted duct which is tightly packed in a thick tunica albuginea. The tunica albuginea covering the epididymis is also covered by the visceral layer of the tunica vaginalis which become continuous with the parietal layer along the length of the epididymis. Anatomically the epididymal duct is composed of three distinct parts: the head, body and tail. The epididymal duct faces laterally along the dorsal border of the testis with the head curving around the cranial pole of the testis. It is attached to the head extremity of the testis by a fibrous band. The body of the epididymal duct is a thick flattened part attached to the dorsal border of the testis and forms a sinus that opens laterally. The tail is a small part attached to the tail extremity of the testis by the proper ligament of the testis and attached to the tunica vaginalis by the ligament of the tail of the epididymis. The epididymal duct is difficult to be visualized through the tunica albuginea particularly in the head and the body of the epididymis (Figure 1). 
Scanning Electron Microscopy
In cut sections, the epididymal duct is lined by long pseudostratified columnar epithelium arranged in the form of packed wheat stems (Figure 2) . The epithelium in the middle and terminal segments shows variably sized vacuoles (Figures 3 and 4) . The luminal surface of these cells is ciliated. Sometimes, numerous bleb-like protrusions and rounded secretory vesiclesare demonstrated in between and covering the stereocilia. The lumen of the epididymal duct shows collections of sperms in different segments. These collections are mainly seen in the middle segment (Figure 3) , however sometimes, they are seen sticking to the luminal surface of the epithelium particularly between the stereocilia (Figure 5 ). In the terminal segment and at low magnifications, the epididymal duct shows the widest lumen and surrounded by a thickercircularly arranged smooth muscle fibers (Figure 6 ). Scanning electron microscopy of the camel spermatozoa demonstrated healthy normally looking spermatozoa ( Figure 7 ) but sometimes they are smaller in size and more or less abnormally looking.
Light Microscopy
The epididymal duct of the camel is divided into initial, middle and terminal segments. In addition, the middle segment is further subdivided into proximal, intermediate and distal parts. The epididymal duct is lined by a pseudostratified ciliated columnar epithelium and surrounded by thin lamina propria and circular smooth muscular layer (muscular coat). The height of the epithelium varies between the different segments of the epididymial duct, the highest epithelium is seen in the initial segment and decreases gradually toward the terminal segment. The epithelium consists of five cell populations: principal, basal, apical dark and halo cells. The distribution of these cells varies in different epididymal segments. However, principal and basal cells are the most frequent cell types throughout the whole length of the epididymal duct (Figures 8-12 ). 
The Principal Cells
The principal cells are long cylindrical, columnar cells extending from the basement membrane to the lumen. The nuclei of the principal cells are vesicular with evident one or two nucleoli. In the initial segment, these nuclei are oval, elongated in shape and basally located (Figure 10) , but in the middle segment, they are rounded and positioned at higher levels but not at one line (Figure 11) . In the terminal segment, the nuclei are small, darkly stained and densely arranged; they seem to form one row just above the level of the basal cells ( Figure  12 ). The cytoplasm of the principal cells is abundant and has variably sized vacuoles which are mostly seen in the distal part of the middle and the terminal segments (Figures 8, 11, 12 ).
The Basal Cells
The basal cells are small oval to spherical cells with spherical, vesicular nuclei and lightly stained cytoplasm. They are located between the principal cells resting on the basement membrane. These cells are seen along the whole length of the epididymal duct but they increase gradually in number toward the terminal segment (Figures 10-12 ).
The Apical Cells
The apical cells are wedge or triangular in shape, with the apex facing basally and the base facing apically, they have rounded apically situated nuclei. These cells are located between the principal cells being more frequent in the initial segment, proximal and intermediate parts of the middle segment then decrease gradually in number toward the distal part of the middle segment until being very few or nearly absent in the terminal segment (Figures 8-12 ).
The Dark Cells
The dark cells are narrow, tall and darkly stained cells extending from the basement membrane to the lumen between the principal cells. They have dark, elongated fusiform nuclei. They are observed in all epididymal segments but they increase in frequency toward the terminal segment (Figures 10-12 ).
The Halo Cells
The hallo cells are rounded or irregular in shape with dark, small nuclei surrounded by a light halo of pale cytoplasm. They are observed throughout the epididymal duct variably distant from the basal lamina, but they mostly occupy a higher position in the initial segment (Figure 9) .
Strongly PAS-positive granules may be demonstrated in the basal portion of the epithelium practically in principal cells (Figure 13) . The luminal surface of the epididymal epithelium is covered by stereocilia which are long in the initial segment and decrease gradually until being very short in the terminal segment where they resemble a brush border. These stereocilia exhibit weak to moderate PAS and Alcian blue positive reaction (Figures 13 and 14) . The epithelium contains intraepithelial glands which are filled with intensely PAS-positive material and surrounded by simple columnar or cuboidal cells. These glands are observed mainly in the distal part of the middle segment, but may be occasionally seen in other parts (Figures 15 and  16) . The above mentioned glands are demonstrated also in different stages of their formation which start as small spaces within the epithelium. These spaces coalesce to form larger ones which become surrounded by the neighboring cells. When these glands attain a larger size, the surrounding cells facing the basement membrane become cuboidal, while those facing the lumen of the epididymal duct attain a flat shape. In later stages, these glands 100 μm open into the lumen of the epididymal duct (Figure 17) . The epithelium is surrounded by a thin lamina propria which is formed of fine collagen in addition to elastic fibers in a continuous layer. The latter exhibits a strong positive reaction to the Weigert's resorcin fuchsin stain. The thickness of this layer of elastic fibers increases toward the terminal segment (Figures 18 and 19) . The lamina propria is surrounded by numerous layers of circularly and obliquely arranged smooth muscle fibers which form a thick muscular coat in the initial segment, slightly thin in the middle segment but it is very thick in the terminal segment. In the terminal segment, the obliquely arranged smooth muscle fibers increase in proportion and tend to be longitudinally oriented. The interstitium consist of loose connective tissue with many cells, fibers and vessels (Figures 20 and 21 ).
Discussion
The epididymis constitutes an important part of the male genital duct system. It plays key role in the maturation and storage of spermatozoa [17] . Anatomically and in agreement with previous studies [7, 18] the epididymis of camel consists of three parts i.e. head, body and tail. The whole organ is covered by a thick tunica albuginea which do not allow the epididymal duct to be visualized grossly through it. Another reason for the latter statement could be attributed to the narrow epididymal duct as compared to some other domestic animals like bovines [19] where the epididymal duct is about one third wider than that observed in camel in the present work.
Recently the classic classification of the epididymis into head, body and tail has been found to be unsatisfactory [20] . The new classification depends on histological or histochemical and ultrastructural characteristics of the epithelial lining the epididymal duct. Based on this, the epididymis may be subdivided into several segments, whose distribution and number are characteristic for each species [21, 22] . In camel and in consistence with [7, 18] , the epididymis is subdivided into initial, middle and terminal segments, of which the middle segment is further subdivided into proximal, intermediate and distal parts. The histological and histochemical characteristics of different epididymal segments include regional variations in the total diameter, epithelial height, morphology and distribution of different cells, length of stereocilia, and thickness of the elastic fibers in the lamina propria as well as thickness of the muscular coat. [7] have mentioned that, the initial segment possesses high epithelium with long stereocilia, the middle segment is characterized by the cytoplasmic vacuoles and mass collections of spermatozoa in the lumen, whereas in the terminal segment the epithelium is low, the lumen is very wide and packed with spermatozoa. Our observations are partly different from those of [7] where the vacuoles, seen in the principal cells are found mainly in both middle and terminal segments.
The current study supports the previous findings in different species including camel concerning the gradual decrease in the epithelial height of the epididymal duct from the initial through middle to the terminal segments [7, 18, 19, [23] [24] [25] [26] . This gradual decrease in the epithelial height distalwards the epididymal duct may mechanically facilities passage of the sperms toward the terminal segment. High epithelium in the initial segment may, however indicate a more absorptive power of the epithelium in this segment. In this respect, [27] reported that in bull, over 90% of the fluids entering the epididymal duct is absorbed in the head of the epididymis. In addition [28] mentioned that, the removal of fluid is associated with a net resorption of sodium ions between the rete testis and the proximal part of the epididymis in rat. Moreover and in agreement with previous reports [21, 26, [29] [30] [31] the epididymal epithelium in the initial segment is supported by a complex set of long and branched stereocilia that decrease in length through the middle segment being very short forming brush border in the terminal segment. Well-developed cilia in the initial segment increase the surface area facilitating the movement of molecules into and out of the cell [31, 32] . The decrease in the height of stereocilia between the head and the tail of the epididymis could be attributed to the more active absorptive and secretory functions of the head of the epididymis as compared with those of the tail of the epididymis [33] . Unlike the findings of [19] who mentioned that, the stereocilia show distinct stains with Alcian blue, the stereocilia of the camel epididymis in the current study stain positive with PAS and Alcian blue. In this respect [34] have ascribed this staining pattern in equine head of the epididymis to carboxyl group of glycoproteins and/or glycolipids associated sialic acids or sulfate polysaccharides in the stereocilia.
The epithelial lining the epididymal duct is ciliated pseudostratified columnar comprising mainly five cell types, namely principal, basal, apical, dark and halo cells. These findings simulate previous observations in the camel [18, 35] . Among the above mentioned cells, the basal cells are characterized by high nuclear: cytoplasmic ratio [19] and they have been suggested to be a stem cell of the epididymal epithelium [36] . They may also have roles in immune defense, phagocytosis and production of antioxidant [37] .
In agreement with [19, [23] [24] [25] , the principal cells are the major cell types of the epididymal epithelium. The nuclei of these cells in the initial segment are elongated oval in shape and basally located, but in the middle segment they are rounded and found at higher levels but not at one line. In the terminal segment the nuclei are small, darkly stained and densely arranged; they seem to form one row just above the level of basal cells. The latter observation could be due to enormous widening of the Copyright © 2012 SciRes.
OJVM epididymal duct in this segment. Unlike observations of [35] who mentioned that, the dark cells are rare cells, these cells are observed in all epididymal segments in the current study but they increase in frequency toward the terminal segment. Different hypotheses have been suggested to the origin and physiological role of the dark cells. [38] as well as [39] have considered it a modification of a single cell type at different phases of its metabolic cycle. [40] [41] [42] [43] [44] believed that, these cells are holocrine secretory cells as they lack stereocilia and have large clear vacuoles with finely granulated material. However [45, 46] suggested that, they are dying principal cells, a suggestion which seem to be the most plausible for the camel epididymis. The latter opinion is supported by the fact that, the variations of cytoplasmic density could be interpreted as intermediate stage prior to death [35] . Our observations support the latter statement where we observed the dark cells in different staining intensities, sometimes without any cytoplasmic details. Light microscopically, the apical cells of the camel epididymis share many characteristics of adjacent principal cells concerning their nuclear and cytoplasmic pictures. These results are consistent with those of [35] in the same species. In other species, the apical cells show more differences from principal cells. [47] have mentioned that, apical cells of rat contain fewer organelles, whereas [45, 48] in monkey as well as [19] in bovines ascertained that, these cells contain strikingly large number of mitochondria and have designated them as mitochondrion-rich cells. [35] has observed that, the structure of the apical cells of the camel is relatively simple with a moderate mitochondrial content but, like other species, the Golgi complex is small. In our opinion, the apical cells observed in camel in the present study could be actually principal cells mechanically insinuated between the apical portions of other principal cells. This postulation agrees with the statement of [49] that, the only difference between apical and principal cells is the position of their nuclei and they have assumed that, they perform the same functions. The latter authors have found connections between the apical cells of the mouse and the basement membrane.
In agreement with [50] the epididymal epithelium of the camel in the present study demonstrates numerous intraepithelial glands in the middle segment. However in the present study these glands are sometimes also observed in the initial and terminal segments. [51] have described similar gland in the initial epididymal segments of the bull. These intraepithelial glands have been also described in different species and given different names. They are designated as intraepithelial vesicles in man [52] intraepithelial vacuolar structure in camel [7] ; intraepithelial crypts in equine [53] and in bull [19] and intraepithelial cysts in cat [26] . In the present work, the above mentioned glands start as a collection of small spaces within the basal part of the epididymal epithelium which coalesce to form a large space encircled by the surrounding cells. By time these spaces grow up and the surrounding cells facing the lumen attain flat form and later on open into the lumen. In the same respect, [51] have mentioned that, these structures are formed by vacuolation of one or more epithelial cells which increase in size and later on degenerate. They suggested that, the formation of intraepithelial vesicles (glands) is an abnormal process which distorts the lining of the epididymal duct but probably has a little effect upon the normal function because they rarely occur in sufficient extent to obliterate the normal epithelium. Unlikely, in the present study, these glands are never seen distorting the line of the duct. We assume that, these glands are formed when secretions are accumulated in a basal position below the nuclei of the principal cells and fail to access the lumen. This explanation is supported by the above mentioned morphogenesis of these structure and also their PAS positive contents as revealed in the present study. The last assumption is supported by [54] that, the intraepithelial crypts constitute a secretory microenvironment. In addition, [19] have mentioned that, the luminal surface of these glands express strong immunoreactivity for two types of protein fractions (S-100 and ACE). Both protein fractions have a well-known role in regulation of the fluid and electrolyte transepithelial transport [55] [56] [57] [58] .
The lamina propria of the epididymal duct, as demonstrated in the present study, contains a layer of interlacing elastic fibers which becomes thicker toward the terminal epididymal segment. These elastic fibers may allow adequate elasticity of the duct that could help in its expansion. Moreover, the lamina propria is surrounded by numerous layers of circularly and obliquely arranged smooth muscle fibers which always increase in thickness toward the terminal segment. This comes in agreement with previous studies in different species including camel [18, [23] [24] [25] . These authors have also added that, the periductular smooth muscle along the length of the epididymal duct may play an important role in the passage of the sperms toward the terminal segment. [30] have mentioned that, the head and body of the epididymis demonstrate spontaneous rhythmic peristaltic contractions that serve to convey the sperms along the duct. Fewer such contractions are observed in the tail region. The thick muscular coat in the terminal segment where some of them are arranged longitudinally may help in the process of ejaculation [19] .
PAS positive granules are demonstrated in different segments of the epididymal duct. The intraepithelial glands are full of PAS positive material. The PAS positivity gives evidence for the presence of glycoprotein in relation to a secretory product [49] , which could be an indication of increased activity [26] .
